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STUDIES ON THE CREAMING ABIL-
ITY OF MILK 
By B. W. Hammer 
Along with the general interest in better methods of market-
ing all kinds of food products has come an interest in the meth-
ods used in marketing milk. A realization of the necessity of 
IJl·otecting milk from contamination during handling has re-
sulted in a wide use of the common milk bottle. Because of the 
defects inherent in the ordinary bottle, other tn)es of packages 
have been introduced in an attempt to secure a container that 
absolutely protects the milk and at the same time offers no se-
rious problems in its use. 
With the present competition among dealers, 110WeVer, in ad-
dition to the type of container used, the appearance of the bot-
tled milk must be taken into consideration. The consumer desires 
to see a deep cream layer on milk because of the common belief 
that it indicates quality and the dealer who cannot secure this 
is likely to have considerable complaint. The percentage of fat 
does not entirely determine the creaming ability; it is a rather 
common experience to find that with a reasonably large per-
centage of fat, the cream layer thrown up by milk is exceedingly 
thin, and it is quite evident that factors other than the per-
centage of fat present influence the creaming ability. The re-
Quests for information regarding the rising of eream on milk 
has prompted a study of the factors influencing it. 
HISTORICAL 
A considerable amount of work has been done in an effort to 
determine the most efficient methods of securing the fat from 
milk by means of gravity, but inasmuch as this work has dealt 
with the percentage of fat left in the skim milk rather than with 
the depth of the cream layer it has not been included in this re-
view, except where factors that are dealt with in the present 
paper are considered. 
Robertson1 (1891 ) observed that with an advance in the stage 
of lactation of the cow there was an increase in the percentage 
of fat lost in the skim milk. With cows frcm one to three months 
in milk the loss was 15.93 % ; viith cows from five to seven months 
in milk. 27.35%; while with cows from eight to 11 months in 
milk, 31.11%. The figures refer to mixed milk from varioUfl 
breeds set in deep cans in water i'anging from 38 to 47 0 F. 
(3.3 to 8.3 0 C.) 
1. Canada Expt. Farms Rpt. 88-104. 1891. 
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HensevaF (1902) studied two types of milk, one showing a 
rapid and one a slow rising of the cream. Both showed a 
normal composition, but the rapid creaming milk showed the 
l'J"eSl.-nce of numerous large fat globules often in clumps, while 
the slow creaming milk rarely showed a grouping of the globules 
and the larger ones were more or less irregular in outline. Cen-
trifugal separation of the slow creaming milk was less complete. 
Marcas3 (1903) continued the work of Henseval and studied 
ordinary milk and milk showing a slow rising of the cream. 
While ordinary milk creamed at 10 to 140 C. in from 6 to 8 
hours, the slow creaming milk was not completely separated in 
12 hours, and occasionally no differentiation was apparent at the 
end of 24 hours. When subjected to centrifuging, a similar dif-
ference was apparent. The fat content of the slowly creaming 
milk was generally higher than that of ordinary milk. Deter-
minations were made of the phosphoric acid and lime in the 
ash of the slowly creaming milk and a slight excess was found. 
Marcas4 (1904) found more fat in skim milk of clowly cream-
ing milk whether separated spontaneously or with a separator 
than in the skim milk from ordinary milk. In general the slowly 
creaming milk was richer in fat, total solids and ash than the or-
dinary milk while the ash, phosphoric acid and lime were espe-
cially increased. 
BarthelS (1903 ) found that milk which was emptied out of 
a pasteurizing apparatus by means of a steam ejector gave a 
skim milk richer in fat when separated than milk run thru the 
apparatus without pressure. The author found that the violent 
agitation of the milk at separating temperatures caused a di-
vision of the fat globules. Milk churned for five minutes at 50 0 
C. and then pasteurized at 75 0 C. gave a skim milk containing 
.69% fat, while the unchurned milk gave a skim milk with .12% 
fat and the milk churned at 5.5 0 C. a skim milk with the same 
fat content as the unchurned milk. 
Barthel6 (1904) stated that he believed that the reported im-
perfect creaming of milk subjected to violent agitation was due 
to the breaking up of the fat globules. He reported results on 
the numbers of globules before and after churning for from 5 to 
90 minutes. The number of globules increased in some instances 
from 3,000,000 to 11,000,000 per c. c. 
The influence of pasteurization on the creaming ability of 
mill: has been mentioned in a general way by a number of inves-
2. Study of Rapid and Slow Creaming Milks. Rev. Gen. du Lait. 1: 366-373. 1902. 
3. A Contribution to the Study of Slowly Creaming Milks. Bu!. Agr. (Brussels) 
19: 1228-1234. 1903. E. S. R. 15. 81l. 
4. Contribution to the Study of Slowly Creaming Milks. Rev. Gen. Lait. 3 : 
361-368 1904. 
5. A hitherto Unexplained Cause of Poor Skimming. Nord. Meieri. Tidn. 18: 
235-236. 1903. (E. s. R. 15: 506.) 
6. On the Breaking up of Fat Globules in Milk. 
Rev. Gen. Lait. 3: 434-440. 1904. 
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tigators. Hammer and Hauser7 (1914) summarized the general 
statement on this point and reported results from various ex-
posures with the bottle method of pasteurization. They ob-
served, as Kersten8 (1911 ) had previously reported, an increase, 
in certain instances in the creaming ability of milk heated with 
low exposures. 
Kilbourne9 (1915) as a result of complaints made by the milk 
dealers of New York city to the board of health after its adoption 
of a ruling stating that only milk and cream subjected to a tem-
perature averaging 145 0 F. (62.8 0 C.), for not less than 30 min-
utes would be regarded as pasteurized, investigated the causes 
that contribute to the loss of the cream line on pasteurized milk 
in bottles. He concluded that various factors are operative and 
mentioned the following: ' , 1. The temperature to which the 
milk is heated. 2. The length of time for which milk is held at 
the high temperature. 3. The temperature of the heating medium 
with which the milk comes in contact during the heating process. 
4. The clarification of the milk. 5. The type of apparatus used 
in treating the milk. 6. The amount of agitation to which the 
milk is subjected, especially while hot." Kilbourne mentions 
other factors that he considers may possibly influence the cream 
line. 
METHODS 
The creaming tests were made in Nessler tubes filled to a line 
nine inches from the bottom. This depth was adopted because it 
represents the approximate depth of a quart milk bottle and also 
because under ordinary conditions it makes possible the detection 
of slight differences in creaming ability. The increasing width 
of a milk bottle at the lower edge of the cream layer makes slight 
differences detected with tubes of no importance from the stand-
point of the cream layer on bottled milk. The standard exposure 
used was ice water temperature for a period of approximately 
24 hours and unless otherwise stated the results given were se-
cured under these conditions; slight variations in time are of no 
consequence with the comparatively long period adopted as a 
standard. The unit nsed in recording the depth of the cream 
layer was the sixteenth of an inch and the readings were re-
corded to the nearest half unit. The Babcock method was used 
in making all of the fat determinations. 
Where photographs were desired a saturated alcoholic (95%) 
solution of sudan 3 was added to the samples before holding, at 
7. The Pasteurization of Milk in the Final Package. 
Bull. la. Agr. Expt. Sta. 154 : 327. N 1914. 
8. Molkerei-Ztg. (Hildesheim) 25: 553 1911 
Also Molkerei-Ztg (Hildesheim) 25: 567 1911. 
9. What Cause, Contribute to the Loss of the Cream Line on Pasteurized Milk 
in Bottles? Creamery and Milk Plant Monthly. 3: 11 . Ap 1915. 
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the rate of 5 c. c. per pint in order to make the f~t layers more 
distinct. Sudan 3 was also found to be of value in gaining an 
idea of the distinctness of the lower edge of the cream layer. 
RESULTS OBTAINED 
A. Va1'iations in the Creaming Ability of Va1;ious Lots of Milk 
In order to get an idea of the variations in the creaming ability 
of various lots of milk, a large number of samples of known fat 
content were creamed under standard conditions, and the depth 
of the cream layer divided by the per cent of fat to get the 
cream equivalent of 1% fat. Tables I and II present a portion 
of the data, selected to show the variations encountered; table I 
deals with raw mixed milk and table II with raw milk from in-
dividual animals. 
The data for the mixed milk (table 1) show cream layers vary-
ing in. depth from 18.0 to 28.0* while the fat contents vary from 
3.3 to 4.1 %. There is no close relationship between the per cent 
of fat and the depth of the cream layer and, as a result, the 
creaming equivalents of 1% fat vary from 4.5 to 6.8. The data 
for the milk from individual cows show cream layers from 17.0 
to 29.0, while the fat contents vary from 3.2 to 5.4% and the 
cream equivalents of 1 % fat vary from 4.9 to 7.4. 
Samples of milk from individual animals were encountered 
T ABLE I-CREAMING ABILITY OF MILK: UNDER STANDARD 
CONDITIONS. RAW MIXED MILK. 
Trial Depth of Per cent 1 Cream Equivalent 
__ N_oi ______ C~::;;: ______ ....:~~~ ___ .I __ Of_~~~ 
2 19.0 4.0 4.8 
3 19.5 3.9 5.0 
4 21.0 3.5 6.0 
5 21.5 4.1 5.2 
6 22.0 3.8 5.8 
7 22.0 4.1 5.4 
8 22.5 3.3 6.8 
9 23.0 3.4 6.8 
10 28.0 4.1 6 . 8 
T ABLE II-CREAMING ABILITY OF MILK UNDER STANDARD 
CONDITIONS. RAW MILK FROM INDIVIDUAL COWS. 
--Trial--I Depth of \ Per cent Cream Equivalent-No. Cream Fat of 1% Fat 
---1--- ---17~0--- ---~3"=.5c-----:---'---'-;4-=-;.9~---
2 17 . 0 3.5 4.9 
3 19.0 3.2 5.9 
4 22.0 4.2 5.2 
5 23.0 4.0 5.8 
6 24.0 3.3 7.3 
7 25.0 4.1 6.1 
8 26.0 3.5 7.4 
9 28.0 4.0 7.0 
10 29.0 5.4 5.4 
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which gave no definite cream layer, when held under standard 
conditions, altho the material in the upper part of the tube was 
decidely yellow and had the appearance of of cream; this failure 
to cream was observed in both morning and night milk. These 
samples failing to cream came from cows that had been milking 
for considerable periods, and the failure to throw up a definite 
cream layer is undoubtedly due in part, at least, to the stage of 
lactation of the animal. The samples of milk which failed to 
give a cream line under standard conditions commonly gave a 
satisfactory cream line at higher temperatures. However milk 
from animals that had been milking for considerable periods in 
certain instances give very satisfactory cream layers under 
standard conditions. 
Wide variations in the rapidity of creaming were also ob-
served with the milk from individual animals and cases of de-
layed creaming were quite commonly encountered. Delayed 
creaming was observed in general, in both the morning and night 
milk of an animal, although some minor variations were ob-
served in the different samples; at ice water temperature the 
creaming was delayed longer than at higher temperatures. 
It is evident from the conditions met when milk from individ-
ual animals is studied as to its creaming ability, that the indi-
viduality of the animal is of a great deal of importance and that 
it must be considered as one of the important factors determin-
ing the creaming ability of milk. The stage of lactation of the 
animal, altho playing a part in determining the creaming ability 
of the milk, cannot be said to be of equal importance in differ-
ent animals. 
In table II the breeds of the animals are not given because 
such other factors as the stage of lactation are not uniform and 
conclusions regarding the influence of breed on creaming ability 
would not be justified from the data here presented. The influ-
ence of the breed and individuality of the animal on the cream-
ing aiblity of milk are at present being studied. . 
B. Influence of External Conditions on the Creaming Ability 
of Milk. 
1. Influence of the Holding Temperatt~re. 
A. On the Depth of the Cream Layer. 
A large number of tests have been run with reference to the 
influence of the temperature of holding on the creaming ability 
of milk and it is evident the temperature is an extremely im-
portant factor with both raw and pasturized milk. Table III 
to V inclusive compare the creaming ability at room temperature 
and at ice water temperature: Table III deals with raw milk, 
table IV with bottle pasteurized milk and table V with vat pas-
-The depth of the cream is expressed in s ixteenths of an inch and represents the 
depth of the cream layer forming on a 9-inch layer of milk. (See m ethods, page 9.) 
72 
teurized milk, mixed milk being used in all cases. Tests other 
than those presented show essentially the same results. 
With raw milk (table III ) ice water temperature always gave 
a deeper cream line than did room temperature, the increase 
varying from 30 to 193%. In 20 of the 29 results recorded the 
increase was 100% or more, and the average for the 29 was 
114% . Ice water also gave a deeper cream line with bottle pas-
teurized milk (table IV) and with vat pasteurized milk (table 
V), the increases running from 33 to 85% and averaging 56% 
in the former case, and from 18 to 91 % and averaging 49 % in 
TABLE III-CREAMING ABILITY AT ROOM TEMPERATURE AND 
ICE WATER TEMPERATURE. RAW MIXED MILK. 
Depth of Cream at 
Room 
Temperature 
12.5 
13.0 
8.0 
8.6 
1il . O 
8.5 
8.0 
8.5 
10 . 0 
8.0 
8.5 
10.0 
9.0 
7.5 
9.0 
9.5 
11 .5 
10 . 0 
9.5 
44.0 
11.0 
11.0 
36.0 
16.0 
14.0 
17.0 
10.5 
12 . 0 
16 . 5 
Depth of Cream at 
Ice Water 
Temperature 
30.0 
23.0 
18.5 
17.5 
20.5 
21.5 
18.0 
22.0 
25.5 
19 . 5 
19.0 
21.5 
21.0 
22.0 
24.0 
24.0 
24.0 
20.0 
24 . 0 
57.0 
19.5 
24.0 
53.0 
29.0 
24.0 
28.0 
24.0 
28.0 
26.5 
Average 
t
:)er cent Increase in- Cream 
Line at Ice Water 
Temperature 
140 
77 
131 
106 
58 
153 
125 
159 
155 
144 
124 
115 
133 
193 
167 
153 
109 
100 
153 
30 
77 
118 
47 
81 
71 
65 
129 
133 
71 
114 
TABLE IV-CREAMING ABILITY AT ROOM TEMPERATURE AND 
ICE WATER TEMPERATURE. 
BOTTLE PASTEURIZED MIXED MILK. 
Depth of Cream at Depth of Cream at t>er cent Increase inCream 
Room Ice Water Line at Ice Water 
. __ --=T-=:em""perat.'-'u=r.:..e __ --.;-__ --'--T.:..em--'-p""erat'---u_re'---__ : ___ T_e_m-=-pera_tu_r_e __ _ 
16~0 22.0 38 
10 .6 14.0 33 
13.0 24 . 0 85 
12.0 21.5 79 
12.0 18.5 54 
13.0 19 . 0 46 
13.5 23.0 70 
13.0 19.6 60 
8.0 13.0 63 
13.6 21.0 56 
13.0 20.5 68 
13 . 6 19 . 0 41 
Average 56 
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TABLE V-CREAMING ABILITY AT ROOM TEMPERATURE AND 
ICE WATER TEMPERATURE. 
VAT PASTEURIZED MIXED MILK. 
Depth of Cream at Depth of Cream at I?er cent Increase in Cream 
Room Ice Water L .ne at Ice Water 
Temperature Temperature Temperature 
------'----'-:c12"'.-;.0-'-"'-'--------'-----------'-=-2y-:-0= '--'---------'---------'-----'c75:-'--'-'---'---' --
14.0 19.0 36 
14.0 18.5 32 
12.0 22.0 83 
16.0 20.0 25 
15.5 21.0 35 
16.0 24.0 50 
14.0 20.0 43 
11.0 21.0 91 
14.0 16.5 18 
12.0 19.0 58 
13.5 20.5 52 
17.5 23.0 31 
11.5 18.5 61 
Average 49 
the latter case. The individual increases and the average in-
crease in the cream line are greater in the case of the raw milk 
than in the case of the pasteurized; the average increases for the 
two methods of pasteurization run quite close together. 
In order to secure additional information regarding the most 
favorable temperature for creaming, comparative tests were run 
at ice water temperature, 5° C., 10 ° C. and 15° C. The 5°, 10° 
and 15 ° C. temperatures were maintained by means of insulated 
cans; by placing the 5° and 10° cans in the cooler and the 15° 
can at room temperature only slight variations were encountered. 
A part of the data obtained, sufficient to show the trend of the 
results, is presented in table VI; the other data obtained show 
essentially the same results. 
Table VI shows that in general with an increase in the temper-
ature there was a decrease in the depth of the cream line. The 
decrease from ice water temperature to 5° C. varied from 5 to 
5.5 (two comparisons gave the same results at the two tempera-
tures) and averaged 1.8 for the 14 tests. The decreilses from fio 
TABLE VI-CREAMING ABILITY AT VARIOUS TEMPERATURES. 
I Ice Water I 
1 Temperature 5 ° 
I 
C. 1 10° C. 15° C. 
Individual g~~:::::::::::::::::: 1 25.0 I 23 .0 I 19.5 14.0 Individual 22.0 21. 5 I 19.5 11.5 
Individual Cow .... . ............. 1 24.0 no test 18.5 15.5 
Individual Cow .... . ....... . . . ... 17.0 17 . 0 15.5 7.5 
Individual Co'\v .. . ....•.... • .... . 19.0 18.0 16.0 10.0 
Individual g~~::::::::::::: : :::: l 43.5 41.5 41.0 31.0 Individual 21.5 20.0 18.0 14.0 
Individual Cow ............ . .... '1 33.0 30.0 no test 18.0 
Individual Cow ............... • .. 22.0 22.0 19.0 12.5 
Individual Cow .......... . .... . .. 21.0 20.5 19.0 11.0 
Individual Cow .... . . . . . ........ 1 23.0 21.0 16.0 12.5 
Individual Cow ....... . .. . ..... " 1 no definite 49.0 45.5 33.5 
1ine 
Mixed ~Ut::::::::: : ::::::::::: 1 23.5 21.0 19.0 12.0 Mixed 22.5 17.0 14.0 11. 0 
Mixed Milk .. . .. . ............... 1 20.0 18.0 15.0 12.0 
Mixed Milk··· · ··········· · ··· · · 1 23.0 20.5 17.5 12.5 
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c. to 10° C. varied from .5 to 5.0 and averagl-d 2.5 for the 14 
tests while from 10° to 15 ° C. the decreases vl:iried from 3.0 to 
Fig. 1. Influence of the holding temperature on the creaming ability of milk. 
12.0 and averaged 6.2 for the 15 tests. Thus it ··s apparent that 
the high er the t emp erature above ice water t emperature the 
Fig. 2. Influence of the holding temperature on the creaming ability of milk. 
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more serious is the decrease in the creaming ability and that a 
variation of several degrees at a low temperature is of less im-
portance than a variation of the same number of degrees at a 
higher temperature. For the development of a deep cream 
layer, it is desirable to hold the milk at a low temperature, 
altho of course the milk should not be held below its freezing 
point. See fig. 1 and 2. Occasionally results varying some-
what from the examples given in table VI ha, e been obtained. 
These variations, however, are apparently only rarely encount-
ered and data relating to them are still being gathered. 
B. On the Rate of Creaming. 
The rate of creaming has been observed at various tempera-
tures and enough of the data to show the general trend of the 
results are presented in tables VII and VIII. Table VII deals 
with raw mixed milk at ice water and room temperature, while 
table VIII gives results at ice water temperature, 5°,10° and 15° 
C., for raw milk from individual animals. 
From tables VII and VIII it is apparent that creaming at ice 
water temperature is very different from creaming at room tem-
perature or 15° C. In the case of ice water temperature when a 
definite cream line is observed it is very deep and gradually de-
creases on continued standing, while in the case of room tem-
perature, or 15° C., a shallow cr eam layer is at first observed 
and this increases on standing. 
TABLE VII- RATE OF CREAMING AT VARIOUS TEMPERATURES. 
RAW MIXED MILK. 
Test 1 II Test 2 
Hours Depth of Cream at II Depth of Cream at 
Held , Room Temp. I Ice Water Temp. 11 Room Temp. I Ice Water Temp. 
---1-------~;i------:---111 U I ~~:g 
3 10.0 44 .0 I 5.5 32.0 
1~ ~U ~n u 1 ~U 
___ 24 ___ 1 12.5 30 . 0 I L_-=1-=-3 '-.:. 0'--_--1 _ _ -=2-=-8",. 0,--_ 
ON ot readable. 
TABLE VIII-RATE OF CREAMING AT VARIOUS TEMPERATURES. 
RAW MILK FROM INDIVIDUAL ANIMALS. 
I TEST 1 I TEST 2 I TEST 3 I TEST 4 Depth of Cream at Depth of Cream at Depth of Cream at i Depth of Cream at 
.. 
'" '" '" ~ ~ ~ ~ .. Hours iJ:ci U c3 U iJ:ci U U c3 iJ:ci c3 c3 U iJ:ci U U U H eld ~~ ",S ~~ ~§ . ::c ;:: >0 ~8 ':0 ~ ~ . ~ ~ . ~ ~ .-< HE-< 
'" 
HE-< 
'" 
2 34.026.518.5 8.530.024.019.010.522.0120.518.0 5.5.24.520.516.010.0 jJ40.0130.0 19.01 6 .01)14 .024.0120.01 8.01 0 t 0 I 0 12. 0127. 0/21.016.0 9.0 4 32.026.518.010.026.523.519.010.5 20.0 19·i(17 . ~\ 7.0i\14.0120,.u 16.()10.5 
8 29.025 . 0 18.011 .0'124.522'.6 19.010. f) 19 . 517.516.0 7.5 22. Oi'19. 5 16.0 10.,0 6 30 ' ~1:25.518.0 10.0 26.0 23.0 19 . 0 10.519.518 . 0 16.5 7.522.5119 .5 16.010.5 
24 25.028.019.014.0122.021.519.511 . 617.017 . 015.6 7.619.0\18.016.010.0 
"=Not readable. 
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Variations from these methods are occasionally encountered 
and are at present being studied with an idea of determining the 
causes. The data presented, together with other data collected, 
show that commonly a definite cream line is evident earlier at 
room temperature, or 15° C., than at ice water temperature, altho 
of course this cream line is extremely shallow. 
The method of creaming at 5° C. is much the same as at ice 
water temperature, altho the extent of the decrease is not so 
great; in general, the final reading at 5° C. is only slightly lower 
than at ice water temperature while the reading when a cream 
line is first evident is considerably lower. At 10° C. the method 
of creaming seems to show considerable variation; in tests 1 and 
2 (table VIII) there is a decrease followed by an increase; in test 
3 there is a continued decrease as at lower temperatures, while in 
test 4 there is no change, a condition which suggests that two 
TABLE IX-CREAM LINES AFTER 24 HOURS AND 48 HOURS. 
Kind of Mixed IIndivid'I \Individ'l \ Individ'I\Individ'I \Individ'IIIndivid'I IIndivid'l 
Milk I Cow Cow Cow Cow Cow I Cow I Cow 
4248 hhoourur ....... ...... 11 23.0 \ 35.0 \ 24.0 \~\-19.()\- 17.0 \ 20.0 \ 16 . 0 
. 21.5 32.0 . 23.0 . 23.0 17 .5 17.0 19.0 14.5 
factors are operative, one tending to decrease and one to increase 
the depth of the cream layer. These variations at .i0· C. are un-
doubtedly due to differences in the lots of milk wurked with. 
If tests at ice water temperature are continued after 24 hours 
a further decrease in the depth of the cream line is observed but 
the decrease is commonly too small to be of any significance from 
the standpoint of bottled milk. Table IX presents data show-
ing the decrease in the cream layer from 24 to 48 hours at ice 
water temperature. 
2. Infltbence of the 01tiginal T empc1'ature on the Creaming 
Ability. 
The influence of the temperature of the milk at the time it is 
put under standard conditions on its creaming ability has been 
TABLE X-INFLUENCE OF ORIGINAL TEMPERATURE ON 
CREAMING ABILITY. 
Temperature Depth of Cream Layer 
betore Trial Trial I Trilll I Trial I Trial 
setttng ,-------.--_ _ l 2 I 3 I 4 I 5 
5' C. 26.0 --14~ 0- 1---1 I 
10 ' C. 25.0 14.0 I 20.5 
20' C. 26.0 13.0 I 20.5 
__ 4"-'0'--'....:C""._....L-".24::..;.~0--L_1!2.4 .~0--'---'~"---'---"-'-"'--'---=.='-'-"--L--'~:......J_.!018~ ..c:0_ 
investigated and the general trend of the results are shown by the 
data presented in table X. Temperatures, such as would ordinar-
ily be used, appear to have but little influence on the creaming 
ability while a high temperature (such as 40° C.) commonly 
causes a slight decrease in the cream layer. The influence ()f com-
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paratively high temperatures on the creaming ability of milk 
will be considered later under the heading of the influence of 
pasteurization on creaming ability. 
3. Influence of Previot(,S Creaming on the Creaming Ability. 
Before milk is ready for delivery it commonly has had an op-
T ABLE XI-RESULTS OF CREAMING THE SAME MILK 
SEVERAL TIMES. 
Depth of. Cream in Milk Agitated After Each Reading. 
I '(rial 2 Trial 3 I Trial 4 I Trial 5 I Trial 6 I Trial 7 I Trial 8 
Time I Raw 
in Mixed 
Day Milk 
I I \ Bottle Vat I Milk I Milk Milk Raw Raw Past. I Past. from from \ from Mixed Mixed Mixed Mixed Individ. Individ. Individ. 
Milk Milk Milk Milk Cow Cow Cow 
- 1 24.0 24.0 22.0 18.0 18.0 24.0 25.0 I 20:0-2 24.0 24.0 22.5 15.0 16.0 22.0 23.0 ~O.O 
3 24.0 22.0 18.5 15.5 15.5 20.0 22.0 17.0 
4 21.0 19.0 15.0 14.0 14.5 20.0 19.5 16 . 5 
5 20.0 18.5 16.0 13.0 14.0 19.0 
6 15.0 12.0 13.5 19.0 
7 14.0 13.5 
portunity to cream a number of times. The effect of holding milk 
over night in ice water on its creaming ability has been studied; 
commonly a small decrease "vas observed as compared with the 
creaming ability of milk from the same milking that was set im-
mediately, in a few instances the decrease was rather large, in a 
few there was no difference, while in a few, holding seemed to 
increase the creaming ability. 
rfhe same problem was then studied by creaming the same milk 
a number of times. The trend of the results obtained is shown by 
the data presented in table XI. 
From table XI it is evident that the creaming ability in gen-
eral is somewhat decreased on continued creaming altho the de-
crease is not a cor:tinued one in all cases, slight in-
creases being occasionally encountered. The decreases obtained 
for the periods of the runs were quite large in most instances, but 
the number of times the milk was allowed to cream is in excess 
of the number of times the milk would ordinarilv cream under 
practical conditions. The results indicate, howev~r, the inadvis-
ability of allowing milk to cream a number of times, if a deep 
cream layer is desired. 
On repeated creaming the lower edge of the cream layer be-
came more and more indistinct. In some instances this indis-
tinctness of the cream layer interfered with the accurate reading 
of the tests, while in a few cases the tests were discontinued on 
account of it. 
Influence of Agita,tion on the Creaming Abili ty 
The agitation of milk is looked upon by certain dealers as un-
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TABLE XII-EFFECT OF BEATING MILK WITH AN EGG BEATER 
ON THE CREAMING ABILITY RAW MIXED MILK. 
Creamed in Ice Water II Creamed at Room Temp. 
Trial I Trial I Trial Trial II 
1 I 2 3 4 
Trial Trial Trail Trial 
1 2 3 4 
Control ..... 26.0 23.0 23.5 I 27.0 II 10.0 9.0 9 .0 I 11. 5 
Beaten 5 min. 25.0 23 .0 23.0 I~~ 9.0 9.0 11. 0 Beaten 10 min. 25.0 22.5 23.0 25.5 9.0 9.0 9.0 11.0 
desirable from the standpoint of the development of a good 
cream layer. Statements have even been made that the agitation 
due to the pumping of milk may interfere with the normal rising 
of the cream. 
The effect of beating milk rapidly with an ordinary egg beater 
has been investigated and the results obtained as shown in table 
XII. They show that the creaming ability of milk, ' either at 
room temperature or ice water temperature, was practically the 
same after being beaten 5 or 10 minutes with an egg beater as 
before. The slight decreases that occurred are too small to be of 
any significance. In some cases, however, the beaten milk when 
creamed at room temperature had a cream layer with an indis-
tinct lower edge and at ice water t emperature the cream seemed 
to be thrown into large lumps that gave the lovycr edge of the 
cream layer an irregular appearance. 
The effect of the agitation of milk in a small slJaking machine 
is shown in table XIII. The agitation was very rapid and even 
when cooled in ice water before the agitation was begun the milk 
churned in less than an hour. The milk for each trial was all 
agitated at once, the machine being stopped at various times for 
the removal of portions for the creaming tests. After agitation 
the milk was very foamy which made it difficult to fill the cream-
ing tubes to exactly the proper depth and also to measure the 
depths of the cream layers. Only enough of the data obtained to 
show the trend of the results is presented. 
TABLE XIII- EFFECT OF AGITATION IN A SHAKING MACHINE 
ON THE CREAMING ABILITY OF MILK. RAW MIXED MILK. 
Creamed at Ice Water Temperature 
1
- T"'"r~ia"I'I"""T"ri~al"'I-'Trial-1 -Triall-Trial I-T'r~ic..:alC'-7~TC"Cri~al"""l ....,T"'"r~ja"""'l-
1 1213 415 6 7 1 8 
I ~ ~ ~ I ( I COntrol. .. .. .. 1 20.0 22.0 24.0 22 .0 25.0 23.0 20.0 22.0 Shaken I 10 min ... . ... 1 19.0 21.5 23.5 22.0 25.5 23.0 19.5 21.0 Shaken 
20 min ... . ... 20.0 23.0 25.5 22.0 22.5 22.5 19 . 5 19.5 
Shaken 
30 min ....... 23.5 ~5 . 0 26.0 21.0 28.0 22.5 22.0 26 . 0 
Shaken 
40 min ....... 25.!) 27.0 31.0 22.0 34.5 26.Q 28.0 30.0 
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From table XIII it will be seen that in general there is first 
a slight decrease and this is commonly followed by an increase 
which in some cases is very considerable. The time of appear-
ance of both the decrease and the increase is variable as are also 
the extent of the decrease and the increase. In those tubes show-
ing a considerable increase there seemed to be a rather foamy 
cream layer and the increase in the layer is probably in part 
caused by the incorporation of air. 
From the data presented regarding agitation, it seems that 
the types of agitation employed do not seriously decrease the 
creaming ability of milk and that in some cases there may be an 
Fig. 3. Influence of clarification on t :-te creaming ability of milk. 
increase altho the development of the increase is uncertain and 
undoubtedly is of no practical importance. 
5. Influence af Cla1·ificatian on the Creaming Ability. 
The influence of clarification on the creaming ability of milk 
has been studied with a large number of samples; a small amount 
of the representative data is presented in table XIV. A No. 
100 De Laval Clarifier was used for all the tests. 
TABLE XIV-EFFECT OF CLARIFICATION ON THE CREAMING 
ABILITY OF MILK. RAW MILK. 
Trial 
No. 
1 
2 
3 
4 
5 
6 
Depth of Cream 
U I ·fied I CI'fi d nc arl arl e 
24.5 I 24.0 24.0 23.0 
24.5 
I 
23.0 
20.0 19.5 
27.0 26.0 
23.0 22.0 
TrIal I Depth of Cream 
No I Unclarified I Clarified 
7 26 . 0 23.5 
8 23.5 22.5 
9 26.0 24.5 
10 22.0 21.0 
11 23.0 21.5 
12 24.0 22 .5 
TABLE XV-INFLUENCE OF SEPARATION ON THE CREAMING ABILITY. 
Timeofl 1"\ ........ +1-. ,.. ... f"'_",,,,,~ -~~ ... ~. ~,,-... 1 
H olding\ Trial Trit:ll &. 1 Trial 4 Trial 5 I-Trial 6 Trial 7 Trial 8 Trial 9 Trial io 
in hr •. 1 'U "8 U 8 I u 8 U I 8 U I 8 I-U-- 8 U I 8 U 1 8 U 8 U I 8 
l' , , 
!!'11 !:~: 2-2.5 14.0 10 .0 23.<f 22.0 3 4 17. () 13 .0 24.5 23.0 
5 24: i; 123: 0 7 19.0 17.0 25.<f 24.0 
24 20.5 I 21.0 24 .<f 23.0 25.0' 24.0 
~ .. 
23.0 16.0 22.r; 16 . 0 !~~1, I !!~: 00 32.5 26.0 27.5 20.5 27.5 20.01 27.0 20.5 0 28. 0 24.5 26.0 25.5 32.0 26.5 27 .5\ 21.0 27.0 20 .5 26 . 5 22.<f 
32.0 26.5 27.5 22.0' 27.()1 21.5, 27.0 22.5 27.0 22.0 
25.0 25. 0 25.0 25.0 30.0 26.0 26.<f 21.5 25.0 21.5 25.0 22.5 24.5 \ 21.5 
1U- U nseparated. 
"8- 8eparated. 
*- Not reac.ab:e. 
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Table XIV shows that, altho clarification consistently reduced 
the creaming ability of milk, this decrease was very small, rang-
ing from .5 to 2.5. A comparison of clarified and unclarified milk 
in bottles shows practically no difference as is evident from 
fig. 3. 
6. Influence of Separation on the Creaming Ability. 
The use of separator clarification is sometimes objected to be-
cause it is said to decrease the depth of the cream layer and to 
also decrease the rate of creaming. In order to get some definite 
information on these two points a number of tests were made; 
some of the representative data are tabulated in table XIV. 
The salJLples representing separator clarified milk were secured 
by holding a pail under the two spouts of the machine. Fat tests 
on a nllmhrr of samples collected in this way and on the cor-
responding unseparated samples showed that comparative 
amounts of skim milk and cream were being secured. 
From the data obtained the differences between the depth of 
the cream layers on the separated and unseparated milk after 
24 hours in ice water are seen to vary in the cases studied from 
o to 4.5. A number of trials were unsatisfactory because the 
agitation incident to the thoro mixing of the cream and skim 
milk resulted, at the temperature of separation, in a slight churn-
ing and it is possible that some of the larger differences observed 
in table XV are in part due to a beginning churning. The data 
obtained at room temperature showed differences much the same 
as those obtained in ice water. In certain instances, the sep-
arator clarified milk creamed much more slowly than the control 
and in all cases except trial 3 there were significant differences 
in this rate. Differences in the rate of creaming were also evi-
dent in the data collected at room temperature, altho the shal-
lower cream layers at this temperature made the actual differ-
ence smaller. One of the noticable points evident from the data 
presented is the extreme variation in the effect of separator clar-
ification on different samples; trial 3 shows practically no effect 
while others such as trial 8 show a greatly decreased rate of 
creaming. In general, the lower edges of the cream layers se-
TABLE XVI-INFLUENCE OF VISCOGEN ON THE CREAMING 
ABILITY. 
c. c. viscogen I Depthof-CreamLayer 
per pint [ Trial 1 [ Trial 2 [ Trial 3 [ Trial4 [ Trial5 [ Trial 6 [ Trial7 [ Trial8 
o~~.~.~~r.o.l :::: · ~U - -~ffl-~n- -~fC -~rr -~n-[I-~fr -~fg-
1.7. ......... 26.0 33.0 32.0 
2.6 .. ...... 39.0 100.0 28.5 32 .0 24.0 43.0 66.0 37.0 
4.3. . . . . . . . . . 104.5 • 42.5 27.0 68.0 88.0 43.0 
6.0.. ..... . .. 70 .0 72. 0 28.5 96.0 128.0 52.0 
8.6..........· •• 36.0 88.0 I 115.0 
12 9 . . ... . .. .. I . . . . 34 . 0 72.0 
• Almost the depth of the creaming tube. 
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cured with the milk subjected to centrifugal separation were dis-
tinct and essentially satisfactory from the standpoint of secur-
ing bottled milk with an attractive appearance. 
7. Influence of Viscogen on the C1'eaming Ability. 
The influence of viscogen on the creaming ability of milk is 
shown by the data presented in table XVI. It is evident that 
viscogen, in certain amounts, increases the creaming ability of 
milk very materially. With comparatively large amounts of vis-
cogen, the cream layers in the tubes sometimes extended nearly 
to the bottom of the tubes; in such cases, the cream commonly had 
a lumpy or flaky appearance while the skim milk below the 
cream layer had a bluish cast. 
The surprising point is the extreme variation in the effect of a 
certain amount of viscogen. In certain instances, amounts as 
small as .9 c. c. per pint caused a considerable increase in the 
depth of the cream layer while in other cases no effect was 
noticable. When 1.7 c. c. of viscogen was added per pint, there 
was sometimes a considerable increase and sometimes not, while 
2.6 c. c. per pint sometimes failed to give a significant increase 
and sometimes increased enormously the dept.h of the cream 
layers. Still larger amounts of viscogen commonl~ increased the 
cream layer until practically the whole material had the ap-
pearance of cream as has already been mentioned. In certain 
trials, however, comparatively large amounts of viscogen gave 
shallower cream layers than smaller amounts. 
Altho viscogen increases the creaming ability of milk, its use 
cannot be regarded as legitimate, because by its use a cream 
layer out of all proportion to the amount of fat present can be 
secured. While a milk dealer is justified in getting as deep a 
cream layer as possible by the use of low temperatures and so 
forth in order to give his product a good appearance, he is not 
justified in adding foreign materials to milk in order to cause 
the formation of a deep cream layer. Viscogen also readily in-
fluences the flavor of milk (apparently more readily than the 
flavor of cream) so that its use cannot be looked upon otherwise 
than with disfavor. 
TABLE XVII-INFLUENCE OF EGG WHITE ON CREAMING 
ABILITY. 
'rrial 
I{o. 
1 
2 
3 
4 
5 
6 
/
Bgg white \ Depth of Cream II Trial / Egg white / Depth of Cream 
per With egg I l'fo. per WIth egg l 
pmt white control pInt white Control 
I 
20:-5--22-.0-
II 
- - ------
-20":"0--21~0-5 c. c. 7 5 c. c. 
10 c. c. 19.0 21.0 8 20 c. c. 20.5 22.5 
20 c. c. 21.0 24.0 9 10 c. c. 18.0 20.0 
20 c. c. 20.0 22.5 10 30 c. c. 19.0 21.0 
30 c. c. 20.5 21. 0 11 15 c. c. 22.5 22.5 
5 c. c. I 21.0 21.5 II 12 5 c. c. 22.0 22.5 
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8. Influence of Egg White on the Creaming Ability. 
The influence of egg white on the creaming ability was studied 
because of its known influence on the whip ability of cream. The 
data obtained is presented in table XVII. 
The results quite consistently (in all cases but one) show a 
slightly decreased creaming ability in the presence of egg white 
in amounts varying from 5 to 30 c. c. per pint. 
9. Influence of a Change in Temperature on C1'eamed Milk. 
(A) INFLUENCE OF A RISE IN TEMPERATURE. 
The influence of a higher temperature on creamed milk has 
been studied with both bottles and tubes. In general, there is a 
decrease in the depth of the cream layer when milk (raw, bot-
tle pasteurized, or vat pasteurized) that has been creamed at a 
low temperature is held at a higher temperature. Some of the 
Fig. 4. Decrease in cream line when creamed milk is held at higher temperature. 
A. Depth of cream after 24 hrs. in ice water and 24 hrs. at room temperature 
B. Depth of cream after 49 hr •. in ice water. 
C. Depth of cream after 24 hr.. in ice water. 
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data obtained with tubes creamed under standard conditions and 
then held at room temperature, is shown in table XVIII. 
Table XVIII shows that holding milk at room temperature 
TABLE XVIII-INFLUENCE ON THE CREAM LAYER OF HOLDING 
CREAMED MILK AT A HIGHER TEMPERATURE. . 
Kind of Milk 
MIxed Raw ........... ...... . 
Mixed Raw ................. . 
Mixed Raw . .... . .......•... . 
Mixed Raw ................. . 
Mixed Raw . . .... ... ....... • . 
Mixed Raw ................. . 
Mixed Vat Pasturized ... .• ... 
Mixed Vat Pasteurized . . ..... . 
Mixed Vat Pasteurized ....... . 
Mixed Vat Pasteurized . ...... . 
Mixed Vat Pasteurized . .. ... . . 
Mixed Vat Pasteurized ....... . 
Mixed Bottle Pasteurized ..... . 
Mixed Bottle Pasteurized ... .. . 
Mixed Bottle Pasteurized ..... . 
Mixed Bottle Pasteurized ..... . 
Mixed Bottle Pasteurized ..... . 
Mixed Bottle Pasteurized ..... . 
I Depth of Cream After 24 Depth of Cream after 24 hours (standard conditions) Hours (s~ndard con- and 8 hrs. room tem-
dltlOns) perature 
20.5 
20.0 
25.0 
20.0 
19 . 0 
16.0 
21.0 
17.0 
24.0 
20.0 
23.5 
20.0 
20.5 
23.0 
19.5 
18.0 
21.5 
19.0 
19.0 
18.0 
25.0 
18.0 
16 .5 
14.5 
19.5 
16.5 
22.5 
19.5 
23.5 
19.0 
19 .5 
23.0 
18.5 
17.0 
21.0 
18.0 
after it has been creamed in tubes under standard conditions 
commonly results in a slight decrease in the depth of the cream 
layer, altho occasionally there is no change. It has already been 
pointed out that holding tubes of creamed milk in ice water 
after the standard period of holding results in a slight decrease 
in the cream layer so the decrease shown in table XVIII cannot 
be definitely considered as caused by the change in temperature, 
and a rise in the temperature must be looked lljJon as having 
uut little influence on milk creamed in tubes. In bottles, how-
ever, a considerable decrease occurs on holding milk creamed in 
ice water at a higher temperature. This is illustrated by fig. 4. 
TABLE XIX- INFLUENCE ON THE. CREAM LAYER OF HOLDING 
CREAMED MILK AT A LOWER TEMPERATURE. 
Kind of Milk I I Depth of Cream after 24 Depth of Cream after 24 Hours at Room Tempera-Hours at Room Tem- ture plus 24 Hours at Ice 
=.=----.,-= _______ -:-___ p_e_r_a;;-tu-;cr_e ___ --'_--'-W'-'a::.:t.:cer:....,.:Temperature 
Mixed Raw.. .. ... ..... ..... 9.0 11-:-5 
Mixed Raw....... .......... 12.0 16.0 
Mixed Raw......... . ...... . 14.0 18.5 
Mixed Raw . .. .......... .... 11.5 19.0 
Mixed Raw................. 9 .5 20.0 
Mixed Vat 
Pasteurized.............. . . . 8.0 10 . 0 
Mixed Vat 
Pasteurized. . . . . . . . . • . . . . . . . 12 .5 22.0 
Mixed Vat 
Pasteurized. .. .. .. .. .. .. .. .. 5 . 0 8.0 
Mixed Bottle 
Pasteurized. ... .. ........... 12.0 17.5 
Mixed Bottle 
Pasteurized... ... ........... 13.5 22.0 
Mixed Bottle 
Pasteurized. • . • . • . . • . . . • . • . . 14 . 5 21. 0 
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It is rather difficult to explain the variations that occur be-
tween bottles and tubes, but the wider cream layer in the case 
of the bottles probably affords a better opportunity for the 
matting together of the cream than the narrow layers present 
in the tubes. 
(B) INFLUENCE OF A DECREASE IN TEMPERATURE 
Both tubes and bottles have been used in studying the effect 
of a decrease in temperature on the cream layer of milk creamed 
at temperatures above the standard. In both, the depth of the 
cream layer is increased, altho considerable variation is observed 
in the extent of this increase. Table XIX shows the increases in 
tubes held at room temperature for 24 hours and then at ice 
water temperature ~or 24 hours. 
Bottles that had been allowed to cream at room temperature 
showed quite large increases in the cream line when they were 
'leld at lower temperatures, altho here also there was consider-
Fig. 5. Increase in cream line when cr earned milk is held at lower temperature. 
A. Depth of cream after 9 hra. at room temperature. 
B. Depth of cream after 9 hrs. at room temperature. 
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able variation in tlie extent of this increase. Fig. 5 illustrates 
this increase. 
10. Inflnencc of Homogenization on the Creaming Ability. 
A number of samples of milk have been run thru the homogen-
izer under varying conditions of temperature and pressure. In 
all cases, the homogenized milk failed to give a cream layer, altho 
commonly the material at the top of., the creaming tubes had a 
faint yellow color suggestive of cream; the control samples gave 
a normal cream layer in each instance. 
11. Effect of Pasteurization Temperatnres on the Creaming 
Ability. 
Altho no new data on the effect of pasteurization temperatures 
on the creaming ability of milk have been secured, the varia-
tions that occur when the same exposure is used will be con-
sidered. Hammer and Hauser, in their work on final package 
pasteurization. The study of the effect of pasteurization on the 
under conditions that practically excluded factors other than the 
pasteurization exposure. The variations in the effect of different 
factors on the creaming ability of milk makes it seem probable 
that the variations in the effect of pasteurization on the creaming 
. ability of milk are due to differences in the milk itself. It seems 
probable also, that the increases in the creaming ability of milk 
that are secured under certain conditions are due to some pecu-
liarity of the milk rather than to varaitions in the method of 
pasteurization. 'l'he study of the effect of pasteurization on the 
creaming ability of milk should accordingly take into considera-
tion the type of milk that is being used and attempts should be 
made to correlate peculiar results obtained when the milk is pas-
teurized with peculiar effects of the other factors influencing the 
creaming ability. 
It has been quite definitely shown that pasteurization can be 
so carried out that the decrease in the creaming ability will not 
be very serious, altho it is apparently impossible to properly pas-
teurize milk without decreasing the creaming ability to a certain 
extent. The statement by certain milk dealers opposed to paster-
ization that pasteurized milk shows no cream lint and that the 
cream cannot be secured from it, by gravity, is not in agreement 
with the results obtained where the pasteurization is properly car-
ried out. It is evident, however, that where pasteurization is 
practiced that more attention should be given to the factors in-
fluencing the creaming ability, if a deep cream layer is desired. 
DISCUSSION OF RESULTS 
From the work previously reported and from the results ob-
tained in the present study, it is evident that wide variations 
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exist between various samples of milk from the standpoint of 
their ability to throw up a deep cream layer. These variations 
are, in part, due to differences in the stage of lactation and 
various other factors, but it is quite evident that these factors are 
of varying influence in different animals. Undoubtedly the in-
dividuality of the animal is of considerable importance from the 
standpoint of the creaming ability of milk. What the influence 
of the individuality of the animal depends upon, it is impossible 
to say, but the size of the fat globules, the percentage of the to-
tal amount of fat present in globules of varying size, and the 
size, arrangement and constitution (from the standpoint of the 
individual globules) of the fat globule clusters, must all be of 
importance. 
In general, a deeper cream layer develops on milk held at a 
low temperature (somewhere near the temperature of ice water) 
than on milk held .at a high temperature and as the temperature 
at which milk is held is increased, there is in general a decrease 
in the depth of the cream layer. 
The big increases in the cream layers obtained at ice water 
temperatures as compared with the layers obtained at room tem-
peratures are not due entirely to variations in the percentage of 
the fat that rises. A large number of determinations of the per-
centage of fat present in the milk below the cream layer have 
been made and altho differences are almost always encountered, 
they are too small to account for the big differenee in the depths 
of the cream layer. Moreover, the differences in the percntage 
of fat in the skim milk are not consistently in favor of either 
temperature. The influence of such factors as breed, period of 
lactation and season on the comparative amount of fat left in 
the skim milk secured at different temperatures is at present 
under investigation. 
A small amount of material taken from a cream layer obtained 
at ice water temperature can be quite uniformly distributed thru 
a small volume of water, while material taken from a cream layer 
obtained at room temperature can be distributed with the same 
uniformity only with considerable more difficulty. Where ma-
terial from each of the sources is mixed with a drop of water on 
a slide, using approximately the same amount of agitation, the 
room temperature material shows larger masses of fat than the 
ice water temperature material. It is evident, accordingly, that 
at room temperature there is more of a tendency for the fat to 
pack together than at ice water temperature and this results in 
a shallower cream line in the former case; the greater difference 
between the specific gravity of the fat and that of the milk serum 
[It room temperature than at ice water temperature, is probably, 
in part at last, responsible for the packing together of the fat 
at room temperature, and this difference also explains why milk 
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creams more rapidly at high temperatures and also why the milk 
from individual animals, which fails to cream at ice water tem-
perature, gives a satisfactory cream line at higher temperatures. 
At room temperature, where the cream rises more rapidly, the 
larger masses of fat come to the surface first and a distinct cream 
layer is soon formed; this increases in depth as more fat comes 
to the surface. At lower temperatures where the difference be-
tween the specific gravity of the serum and fat is less the fat 
comes to the surface more slowly and there is less tendency for 
the large fat masses to rise more rapidly than the smaller 
masses, so when a definite cream line is first evident a large per-
centage of the fat is already in the cream layer. The change in 
the depth of the cream layer is a decrease rather than an in-
crease and results from the packing together of the fat. 
The cream layers obtained at room temperature are much 
firmer than those obtained at ice water tempel'ature and cannot 
be so easily broken by tipping the bottle. In many cases, the 
cream layers obtained at ice water temperature show but little 
tendency to cling to the glass and the creamed milk can be 
poured from the bottle as readily as the uncreamed. The vari-
ation in the firmness of the cream layers obtained at different 
temperatures is undoubt.edly due to a difference in the packing 
together of the fat masses which in turn results from a differ-
ence in the relative specific gravity of the milk serum and fat 
at the various temperatures. 
By the use of viscogen, the fat globules are thrown into 
clumps and these clumps when they rise, tend to form a bulky, 
and consequently deep, cream mass. The lumpy character of t.he 
cream layer, in certain cases when viscogen is used, also is ap-
parently due to the formation of large clumps of fat globules. 
The slightly decreased creaming ability of milk as a result of 
the action of the milk clarifier is in all probability due to a slight 
breaking up of the fat globule clusters. Where separator clari-
fication is employed a larger decrease in the creaming ability of 
milk sometimes occurs and it is, in all probability, due to a still 
greater breaking up of the fat globule clusters. Agitaton also 
commonly decreases slightly the creaming ability of milk and 
this apparently occurs because the grouping of the fat globules 
is slightly modified. Where a cert.ain amount of air is retained in 
the milk, however, the cream layer is apt to contain this and, ac-
cordingly, a slight increase in the creaming ability sometim~ 
results from agitation. Where samples of milk are creamed 
time after time there is usually a slight decrease in the creaming 
ability and it seems probable that this is due to the action of the 
agitation (between creamings) on the fat globule groupings. 
Where the homogenization of milk is pract.iced, no definite 
cream layer is thrown up, altho the material at the surface of the 
89 
container sometimes has a yellow color suggestive of cream. This 
loss of the creaming ability undoubtedly results from the break-
ing up of the fat globules into very small masses, which have less 
tendency to rise than do the original globules. The situation 
here is much the same as with the extremely small fat globules in 
unhomogenized milk, which are largely responsible for the fat 
remaining in the skim milk. 
It would hardly be expected that the original temperature of 
milk, provided it is not up around pasteurizing temperatures, 
would have any very great influence on the cream layer formed. 
Two samples of the same milk, one at 5° C. and one at 20° C., 
when set at ice water temperature, acquire approximately the 
same temperature before the creaming of the milk is well under 
way and, as a result, the depth of the cream layer is approxi-
mately the same. Milk which has been exposed to pasteurization 
temperatures, however, has had the grouping of its fat globule 
clusters more or less modified and the depth of the cream layer 
thrown up is accordingly influenced. 
Since the modification of the fat globule clusters depends on 
the temperature and time of the exposure, these two factors also 
influence the depth of the cream layer. 
In general, much larger variations between different samples 
of milk are encountered when milk from individual animals is 
used than when mixed milk is employed and this is, of course, due 
to the fact that individual peculiarities are in part overcome by 
mixing the milk with the milk from a number of other animals. 
When a large number of animals in a herd are advanced in lacta-
tion, or when other influencing factors affect a large part of the 
herd, it is to be expected that peculiarities will also be en-
countered with herd milk. Some of the defective creaming abil-
ities encountered by milkmen are in all probability due in part 
to some factor affecting many of the animals supplying the milk 
in question, altho in many instances these are also, in part, due 
to lack of attention to the method of handling the milk. 
The author is indebted to Mr. Edward Bittman for assistance 
in securing a portion of the data reported. 
OONOLUSIONS 
1. Wide variations exist in the creaming ability of various 
lots of milk and accordingly in the cream equivalents of 1 % fat. 
2. The individuality of the animal is an important factor 
from the standpoint of the creaming ability of milk. 
3. Factors, such as the stage of lactation of the animal and 
the breed, are of importance from the standpoint of the creaming 
ability of milk. 
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4. The temperature at which milk is held influences very ma-
terially the depth of the cream layer thrown up, low temperatures 
giving deeper cream layers than high temperatures. For the de-
velopment of a deep cream layer on milk, the milk should be held 
at as Iowa temperature as possible, altho this temperature should 
be above the freezing point of milk. 
5. At ice water temperature, in general, a deep cream layer 
is first formed and this gradually contracts as the milk stands. 
At room temperature, in general, a shallow cream layer is first 
formed and this increases as the milk stands. Commonly a def-
inite cream layer is evident at room temperature earlier than at 
ice water temperature. 
6. With the milk from individual animals, low temperatm'es 
occasionally prevent the development of a definite cream layer. 
7. The original temperature ordinarily has little influence on 
the creaming ability of milk. 
S. Continued creaming tends to decrease the creaming ability 
of milk, altho occasionally increases are observed. Continued 
creaming also decreases the distinctness of the cream layer. 
9. Agitation at ordinary temperatures does not seriously de-
crease the creaming ability of milk and occasionally there is a 
slight increase. 
10. Clarification consistently causes a slight decrease in the 
creaming ability of milk, but this decrease is too small to be of 
any practical importance. 
11. Running milk thru a separator and then mixing the 
cream and skim milk commonly causes a slight decrease in the 
depth of the cream layer developing on milk; the rate of the ris-
ing of the cream is also decreased. Wide variations are, however, 
encountered in the effect of separation on milk. 
12. Viscogen commonly increases the depth of the cream 
layer on milk and sometimes this increase is an enormous one; 
wide variations are, however, evident in the effect of a certain 
amount of viscogen. The use of viscogen to improve the creaming 
ability of milk cannot be considered a legitimate method of in-
creasing the depth of the cream layer. 
13. The addition of egg white commonly causes a slight de-
crease in the depth of the cream layer. 
14. A change in temperature influences the depth of the 
cream layer on creamed milk. With bottles, a decrease in tem-
perature increases the depth of the cream layer and an increase 
in temperature decreases it. With tubes, a decrease in tem-
perature increases the cream layer but an increase in tempera-
ture causes only a slight decrease which may be due simply to 
continued holding. 
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15. In general, efficient pasteurization decreases the cream 
layer of milk. This decrease need not be a serious one if the 
pasteurization is properly carried out and the milk is properly 
held after pasteurization. 
16. Homogenized milk does not give a definite cream layer. 
17. Wide variations in the effect of the various factors on the 
creaming ability of milk are observed and are undoubtedly due, 
in part at least, to differences in: the milk used. 
